The collection of 621 strains of aerobic mesophilic sporeforming bacteria studied by Smith, Gordon, and Clark (1946) 
Our interest in acquiring and examining additional strains of this poorly represented species was twofold. In the first place, a larger number was needed to give a more complete characterization of the species, for only through the study of an adequate number of strains can a reliable description of a species be prepared. Also, as an apparent intermediate between the mesophilic and thermophilic sporeformers, Bacillus coagulans seemed from the data available to be an inviting preliminary step toward the study of the so-called thermophilic group.
Thermophilic bacteria have been characterized by different workers in a variety of ways. Prickett (1928) ably summarized the various definitions and accepted the following one of Cameron and Esty (1926) : Cultures growing at 55 C but not at 37 C were classified as obligate thermophiles, and those growing at both 55 C and 37 C, as facultative thermophiles. According to this definition none of the strains studied by Smith, Gordon, and Clark (1946) were obligate thermophiles; but 7 of the 8 strains of Bacllus coagulans and a few of Bacillus subtilis were facultative.
Approximately 60 different species of aerobic thermophilic sporeforming bacteria have been named and described. In the sixth edition of Bergey's Manual (Breed et al., 1948, p. 707), Smith offered this apology: "The data on the species of this group are so meager that it is not possible to offer a rational system of classification. Many of the characters used for separating the various species are probably as variable in this group as they have been found to be in the mesophilic group. Lacking a knowledge of the limits of variability and lacking other pertinent data, the present arrangement is regarded as temporary only." It was the purpose of thiswork, therefore, to studyBacillus coagulans more thoroughly, to characterize the species growing at still higher temperatures, and, AEROBIC SPOREFORMING BACTERIA transferred to a similar water bath kept inside a constant temperature incubator. Observations for growth were made after 1 to 3 days at the higher temperatures (45 C to 70 C). At 37 C and below the cultures were held for 7 days.
Hydrolysis of starch. The cultures were streaked on plates of starch agar2 and incubated for 2 or 3 days at the proper temperature. Hydrolysis of the starch was determined by flooding the plates with 95 per cent alcohol (Kellerman and McBeth, 1912) . A clear zone underneath and around the growth gave the measure of hydrolysis, while unchanged starch became white and opaque. If no hydrolysis was observed another plate was inoculated and incubated for a longer period (5 to 7 days). The spreading of some cultures over the entire plate was prevented by drying the plates at 28 C for 3 to 5 days before inoculation.
Hydrolysis of gelatin. Plates of nutrient agar with 0.4 per cent gelatin were streaked once across and incubated at a suitable temperature. After an incubation of 3 to 5 days the plates were moistened with 8 to 10 ml of the following solution: HgCl2, 15 g; concentrated HCO, 20 ml; distilled water, 100 ml (Frazier, 1926) . The extent of hydrolysis of gelatin was indicated by a clear zone underneath and around the growth in contrast to the white opaque precipitate of the unchanged gelatin. As in the case of the starch agar plates, the spreading of some cultures had to be checked by drying the plates at 28 C for several days before inoculation.
Production of acetylmethylcarbinol. Five-ml amounts of the following broth were sterilized in 18-mm tubes: proteose peptone, 7 g; NaCl, 5 g; glucose, 5 g; distilled water, 1,000 ml. A series of tubes for each culture was inoculated, incubated at the proper temperature, and tested for acetylmethylcarbinol at 3, 5, and 7 days (Smith, Gordon, and Clark, 1946) . The test was made by mixing the culture with an equal volume of 40 per cent NaOH and adding a few crystals of creatine from a knife point. The appearance of a red color after the culture stood 15 to 30 minutes demonstrated the presence of acetylmethylcarbinol (O'Meara, 1931) .
pH of glucose broth cultures. Before the 7-day-old cultures were tested for acetylmethylcarbinol, about 1 ml was withdrawn and the pH determined by the colorimetric method.
Fermentation of carbohydrates. A 10 per cent aqueous solution of each carbohydrate to be tested was sterilized by autoclaving or filtration through an L2 Pasteur-Chamberland filter. One-half-ml amounts of the carbohydrate solution were then mixed aseptically with 5-ml sterile portions of an organic nitrogen and an inorganic nitrogen base. The organic nitrogen base used was nutrient agar with 15 ml per liter of a 0.04 per cent solution of bromeresol purple as indicator. The inorganic nitrogen base, a modification of the mediuim of Ayers, Rupp, and Johnson (1919) , had the following composition: (NH4)2HP04, 1.0 g; KCI, 0.2 g; MgSO4, 0.2 g; agar, 15 g; distilled water, 1,000 ml. The pH of the medium was adjusted to 7.0, and 15 ml of a 0.04 per cent solution of bromeresol purple were added. Both the inorganic and organic nitrogen media were inoculated, incubated at the proper temperature, and observed for acid production at 3, 5, 7, and 10 days.
Reduction of nitrate to nitrite. The method adopted for this determination was described in the Manual of Methods (1947) . The cultures were grown in nutrient broth containing 0.1 per cent KNO3 and incubated at suitable temperatures. After 1 and 3 days, 1 ml of the broth culture was mixed with 3 drops of each of the following two solutions: (1) sulfanilic acid, 8 g; 5 N acetic acid (1 part glacial acetic acid to 2.5 parts of water), 1,000 ml; (2) dimethylalphanaphthylamine, 6 ml; 5 N acetic acid, 1,000 ml. Many of these, supplied by other laboratories, were obtained from spoiled canned foods. In addition, isolations were made by the writers from soil, silage, milk, and milk products. If any of the cultures so isolated were found to belong to a species heretofore considered mesophilic, i.e., Bacillus subtilis, Bacillus pumilus, Bacillus circulans, Bacillus macerans, Bacillus brevis, etc., they were discarded. Of the unnamed cultures supplied by other laboratories in response to requests for thermophilic strains, 39 per cent belong to the abovementioned species or to species with even lower temperature ranges of growth.
All strains of the collection were studied microscopically, macroscopically, and physiologically by as many means as time would permit. Of the many characteristics determined, the most reliable were selected to describe and separate each species. Identification of a strain was not intended to depend on one or two, but rather on a group of characters or on a species' pattern. If the reactions and properties of a strain conformed in the main, not necessarily in every detail, to a species' pattern, the strain was considered a member of the species. In this way allowance was made for the natural variation of microbial cultures.
The identification of the cultures of this collection is summarized in table 1. A comparative examination of the 33 named cultures showed that with one exception they belonged to only two distinct groups. The earliest named and described species in one group was Bacillus stearothermophilus Donk (1920) and in the other Bacillus coagulans Hammer (1915) . The one culture not falling into either of these two groups and labeled Bacillus thermophilus was found to be a typical strain of Bacillus pumilus Gottheil.
The lack of more distinct groups, or species, among the named strains was also surprisingly exhibited by the 183 unidentified isolations. Of these, 128 cultures proved to be either Bacillus stearothermophilus or Bacillus coagulans; 45 were recognized as members of species previously regarded as mesophilic, and 10 could not be readily identified as belonging to any of the species listed in table 1. All of these 10 grew well at 28 C; 9 grew at 45 C but not at 50 C; and the remaining one, at 50 C but not at 55 C. As they apparently were mesophilic rather than thermophilic, the time required for their identification was not given during this study. (see table 2 ). Growth at these high temperatures is apparently a stable character because strains growing at 65 C and 70 C when first examined still grew at these temperatures after 4 years' storage at 28 C. At the lower temperatures, 6 failed to grow at 45 C; 14 at 37 C; 77 at 33 C; and all failed at 28 C. After 4 years' storage, however, many strains grew at lower temperatures than at the beginning. As a result, growth at 65 C is considered a fairly reliable character of this species, whereas growth at the lower temperatures is too variable to be of use.
Growth on proteose peptone acid agar, pH 6.0. All strains were negative. Sporangia. In some cases the sporangia were definitely swollen; in others there was no enlargement.
Spores. Mature spores were oval, thin-walled, subcentral to terminal, and measured 0.9 to 1.0 ,t by 1.2 to 1.5 ju, with occasional variation from 0.8 to 1.1 ,u by 1.2 to 2.0 ,u.
Macroscopic appearance. The growth of cultures of this species on nutrient agar slants was noncharacteristic. It varied from thin, smooth, spreading, and translucent to moderate, rough, patchy, and opaque. Growth on agar with a fermentable carbohydrate was usually thick, soft, and moist.
Temperatures of growth. Fifty-three of the 73 cultures grew at 28 C; all grew from 33 C to 45 C; all but one at 50 C; and none at 65 C (see In the present work on the aerobic sporeforming bacteria able to grow at high temperatures it was obvious that there were five species that might be confused with one another, i.e., Bacillus stearothermophilus Donk, Bacillus coagulans Hammer, Bacillus gubtilis Cohn emend. Prazmowski, Bacillus pumilus Gottheil, and Bacillus circulkns Jordan emend. Ford. The remaining species appearing in table 1 and represented in this collection by only a very few cultures are distinct and recognizable, and no additions were made to their definitions as given by Smith, Gordon, and Clark (1946) .
According to the emended descriptions of Bacillus stearothermophilus and Bacillus coagulans offered above, the principal means of separating typical cultures of these two species were as follows: Bacillus stearothermophilus grew at 65 C and hydrolyzed gelatin moderately to strongly; its growth was inhibited on glucose, soybean, and stock culture agars On the other hand, Bacilluscoagulans did not grow at 65 C, hydrolyzed gelatin weakly, if at all, and grew as well as or better on the 3 agars selected than on nutrient agar. Bacillus coagulans grew abundantly on proteose peptone acid agar, pH 5.0, and formed a curd in tomato yeast milk, whereas BaciUus stearothermophilus was negative in each case.
Further examination was made of the characteristics dividing Bacillus subtilis from Bacillus coagulans, a species with which it might be confused microscopically. The necessity for this re-examination was clearly indicated by the expansion of the number of cultures of Bacillus coagulans from 8 as reported by Smith, Gordon, and Clark (1946) (exceptions, nos. 263, 315, 714, 820, 941, and 979) , and 3 of the 71 cultures of Bacillus pumilus (exceptions, nos. 710, 731, and 980 Smith, Gordon, and Clark (1946) , the knowledge of the taxonomist is limited to his collection of strains. The small number of distinct groups among the named cultures and also among the unnamed isolations of this collection was unexpected. Although extensive efforts were made to obtain cultures from different workers and to make isolations from a variety of sources, the writers are reluctant to accept the collection of cultures described here as representing the entire group of aerobic thermophilic sporebearing bacteria. When more strains are studied, more species will undoubtedly be found and a modification of the classification presented here will perhaps be necessary.
The 
